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© Recombinant aaccharomyces. 



a m^thorf u described for cloning and expressing DNA sequences derived from Candida In Saccharomyces; 
W E^i^ seating heterologous gene products under the contro. of a *gnel 

oSSnce deri^rc^ Candida In Saccharomyces . *so provided ere a method tor charactering the funcfcon 
O.STS^ Saccharomyces h ost microorganism transformed by the DNA sequences, and 

lUa recombinant plasmid useful for performing such transformation. 
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RECOMBINANT SACCHAROMYCES 



This Invention is related generally to cloning and expression of DNA sequences from Candida m 
Saccharomyces More particuily. the Invention relates to the expression of Cjndjda gene sequences h 
SSSSS cells implement Saccharomyces host cell function and to the expression and secretion 
?S55S Sn- ^e co ntro. o« Candida promoter/signal sequences In 

also relates to a vaccine egairSt^hooping cough which comprises a tunctfed | p^g 
S1 subunlt protein expressed and secreted In a Saccharomyces cell under the control of ^ndida 
promoter/signal sequences. 



Summary of the Invention 



One aspect of this invention is a transformed host microorganism of the genus Saccharomyces which 
comprises a functional ONA sequence derived from a variety of Candida species. 

Another aspect of this invention is a recombinant piasmid comprising a replicator region and a 
functional DNA sequence derived from Candida. , 

Ts invention also provides a promlteTsTquence and a yeast secretary signal sequence denved from 
the C albicans glucoamylasegene for use in expression systems in yeast. 

feraJTer aspect of this invention provides a recombinant piasmid compnsmg a yeast Promoter, the 
sigr^i sequent from the C. albicans g.ucoamylase gene and a heterologous structural gene, capable upon 
transformation and exoresslonln -sTccharomyces of producing a hybrid fused gene product. 

^invention also relates to a method of exp ressing a functional DNA sequent denved ^Candida 
whirt coSses transforming a host microorganism of the genus Saccharomyces w,th *e functional DNA 
SnoT TI I culturing the transformed host under suitable conditions such that the functional ONA 

^mZk^ of this invention is a method of charactering a £ 
Candida by Its function which comprises (a> transforming a host ™r<»rgan,sm 0 JJ* * nu *j g 
Snkvces with the DNA sequence, wherein said host microorganism lacks a known function, so that the 
SSa can complement the host microorganism; and (b) assaying for presence of the function m the 

""ST l^LrSeT'to a method of producing a heterologous po.yp» P ude in Saccharomyces 
which comprises culturing a transformed host microorganism of the genus Saccharomyces in suitable 

** d host "^organism compdMi a promoter and/or signal 
C Candida fused, directly or indirect.y. in phase and in proper orientaton to 
gene wWchcodes for the polypeptide. Where the signal sequence is used .n the method, the polypeptide is 
exoressed and secreted from the yeast cell host. 

expressed and s aspect of this invention includes heterologous polypeptides or fragments hereof 
secret from Saccharomyces host cells according to this invention. Among these secreted po.ypept.des is 
a recombinant HIV-l glycoprotein gpl60 unprocessed into its gpl20 and gp41 componen s. 

^7 P rsent invention also- reiates-to a vaccine- for stimulating protection ega.n,l i whoop,ng, cc^h 
whe«£n suS vaccine comprises an immunoprotective end non-toxJc amount of S1-GA pro em Such 
S marcomSse such protein alone or in conjunction with other antigens and/or adjuvants. In add-on 
me preset 3" also provides a method for inoculating a human against whoopmg cough wh.ch 
comprises administering the vaccine of this invention to such human. 

Brief Description of the Drawings 

F.g. 1 presents the nucleotide sequence of the promoter and signal sequence of C. albicans 

glucoamylasegene. 

Fio 2 depicts the expression vector employed in Example 10. 

fJ 3 presents the nucleotide and amino acid sequent of the signal sequence of C. albicans 
gluc<>amylase^ne^ ^ ^ ^ ^ ^ ^ ^ h Exampto 



EP 0 362 179 A2 



t1 " Rq. 5 presents the ON A and amino acid sequence of TQF-«. 

Detailed Description of the Invention 



The transformed host microbism of the subject invention is any member of to genus Sg 
rtar^vees into which a functional DNA sequence derived from Candida has been introduced. Sac; 
cSyls- ^Tis preferred because it is the most well studirfTSember of the genus and has been 
ttia snedes most frequently employed for recombinant DNA purposes. 

tSZESZS ptasmid or ^subject invention comprised a function.. D^^n^v^from 
wy specie, of the genus Candida including spedes. Candida albicans, Candida ggcahs, _Cj£dida 
SZlaSSa. Candida SeudogopiSiTs. Candida fSSSS^^SSS^SS&^^SffiSt 
§%5^is¥^ dorived ^Qm ^m^^^^- ***** tt waS ^TS™ 
Subinvention since it is derived from the g enus member most ft* to » 
By me term 'functional DNA sequence" is meant any discrete reglori of DNA 
indirectly from Candida which functions in Candida as a complete gene expression unit, a structure Igene a 
Rioter, a signTOuence or a regulation. By "complete gene expression . jnri 
Sra. C ene°and the promoter and regulatory regions require °" 
•oromoter- is meant any region upstream of a structural gene wh.ch permits binding of RN A W™™* 
a^Z^riotion to occur By "regulatory region" is meant any region which regulates transcnpt.on of the 
Z^-^^-LZ a oTdin sequence for a po.y P eptide which serves tot * .the .temple 
£ me JrnSesis of nmNA. By -signal sequence" is meant a region upstream of a structural gene wh.ch 

replicator region. By "replicator region" is 
derived directly orlKdlFictly from yeast, such as Saccharomyces or Candida, which can be us ed to 
manSn extrachromosomalV a functional DNA sequence denved from Candida .n the host Sac; 

mSoWanism. Ocularly preferred plasmids are those »y^ V55£^ 

SS? rSwMflffOWpSSlO (37090). PLC544 (37013). pRB3 (37059). pRB4 (37058). pRBS 
S dSS (37109? pRfS 37057). pRB10 (37056). P RB18 (37092). pRB20 (37054). pRB21 1 (37055) 
pRB22 VSmXS (3706li. pRB14 (37063). P RB15 (37062). P RB16 (37060). P RB19 (37064). YEp2 

t37 °S ^0°^' prepared by known techniques such as the one described by 
Rigs* e^Moi* 9X^:8^1982," The isolated Candida DNA can then be further 

colt reScaw? re^on Sn be used to Lsform EschirichiT coli to amplify the plasmid. Such transformation 
^^ZZ^Ioco^^ by Icnov^eWeT The recombinant plasmid is then retneved 

« ^£$£!£^^ «*» transform .-host microorganism belonging to 

«~ «I ^ SaShanSces Such transformation can be accomplished by the random Insertion of recom- 
SnaT g rfS^TS S into covalentiy closed circular yeast p^ and M»£-^ 
^ronlaste therewtth such as by the method described by Hinnen et al.. Proc Natl Acad Sci. USA, 
nSS^Sm* (5 by using the lithium acetate or lithium chloride method of y"st uansfojnation 
75.1929-1833 (T87B). omdi oy « 153:163(1983). DNA from Candida can also be transformed 

^dTD^cS^tegSed Into the host SaccTSromyces microorganism's chromosomal DNA, such as 
^^ mh ^^<Tcan remain extrachromo somal. Thus, yet another exemplary method Is transformation 
Sy^sZism directly with Candida DNA which. ^'X^SZ 
„ leh am homologous to a contiguous aequencTTTme hosf. chromosomal DNA thereby permrtt.no 

errors 6 snzzsx* - 

can be used to express coding sequences from Candida.-^cdTarom y ces or other organisms, viruses or 
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cells in the transformed Saccharomyces host. Such promoters and/or signal sequences can be fused to a 
heterologous structural gene, such as sequences coding for insulin, interferon, growth hormone bacterial 
and viral proteins, etc.. directly by fusing all or a portion of the promoter's and/or signal sequence's natural 
nucleotide sequence to the coding sequence for the desired polypeptide, thereby producing a hybrid gene. 
For example, one such promoter and signal region is derived from C. albicans glucoamylase gene. This 
functional DNA sequence when inserted In a plasmid and fused to a heterologous structural gene enables 
the expression and secretion of a hybrid fusion protein. An alternative expression system employs another 
yeast promoter and the C. albicans glucoamylase gone signal sequence for expression and secretion of a 
desired fusion gene. When Saccharomyces host microorganisms, which have been transformed by a 
plasmid containing such hybrid gene, are cultured In suitable culturlng media they produce the polypeptide. 
Under control of the appropriate promoter and signal sequence, the polypeptide may be secreted Into the 
culture medium. 

In addition to those Candida , promoters, disclosed herein, additional promoters can be discovered by 
cloning random fraamentTT TcIndida DNA in Saccharomyces plasmids designed for promoter selection. 
Such plasmids can be designed by known techniques such as the one described by Casadaban et al.. 
M ethods in Enzymology . 100: 293-308(1983). . 
— Structural genes derived from Candida can be expressed in Saccharomyces from their natural Candida 
promoters from heterologous promoters derived from Candida or Saccharomyces. or from other functional 
heterologous promoters which are derived from other organisms or produced from synthetic 
oligonucleotides and which function in Saccharomyces . Similarly, structural genes of non-Candida ongin 
may be expressed from a variety of promoters including the glucoamylase gene promoter with its signal 

sequence. , 
Many known S accharomyces mutants are defective in defined functions, such as a specific step in 
leucine or histidine biosynthesis. This function could be supplied if such mutants were transformed with 
DNA sequences derived from Candida which contain genes coding for such functions. Where the function 
to be characterized is not already defective in an available Saccharomyces strain, such mutations can be 
induced by known techniques, such as by ultraviolet radiation, chemical mutagenesis, or genet.c manipula- 
tion In some cases the function displayed by the transformed host microorganism will be one which is 
naturally not present in Saccharomyces . For example, a host Saccharomyces cerevislae microorganism can 
be transformed by a functional DNA sequence according to the method of this invention to display functions 
it does not naturally possess such as sorbitol utilization, maltose utilization by isomaltase catalyzed 
cleavage of «-1-6-glucosidic bonds (such as o-methyl-D-glucopyranoside hydrolysis), soluble starch utiliza- 
tion by glucoamylase catalyzed cleavage of o-l-4-glucosidic bonds or resistance to an ant-fungal absent 

The c*v*topment of a genomic library covering, the entire genome of Candida enables the char- 
acterization of the functions of the DNA derived from Candida . This will permit the genetics of this asexual 
pathogen to be mere closely analyzed than has been possible in the past and to facilitate the development- 
of anthcandidial agents. The preferred method of characterizing the functions of DNA denved from Candida 
albicans in Sac charomyces cerevisiae so that the Candida genes can be studied in the background of a 
well cha rac terized eukaryoti c organism. Thus, the genetics of Candida albicans can be studied by isolation 
of genes via complementation of functions displayed by transformed Saccharomyces cerevisiae. The 
abundance of available Saccharomyces cerevisiae mutant strains, together with the possibility of selection 
of additional mutants, makes it possible to effect such comptementation. Therefore, it is possible to select 
for Candida al bicans genes associated with any one of a number of functions, such as those associated 
wil h ' defined biochemical reactions, orthose involvedin cell division or cell structure. The availability of the* 
45 genomic library and a system for the identification of the selected genes offers a new approach to resolve 
some of the basic differences that make one organism economically useful and another organism a serious 

P8tt Using the method of this invention plasmids carrying one or more functional C. albicans genes which 
complement a Sac charomyces mutation or confer a new characteristic to the Saccharomyces strain 

so transformed therewith can be isolated and characterized. Such functional C. albicans genes can include a 
gene complementing the S. cerevisiae topi mutation, a gene complementing the S. cerevisiae his3 mutation, 
a gene conferring high level resistance to the anti-fungal absent benomyl, a gene allowing for growth on 
sorbitol a gene allowing for growth on isomaltase. a gene allowing for growth on soluble starch ()•«•. a 
glucoamylase gene), and a gene encoding the enzyme galactoktnase which complements a S. cerevisiae 

u gall mutation. Such genes are useful as markers for Isolating Saccharomyces hosts successfully trans- 
formed with plasmids containing such genes. Each of the promoters of the C. albicans sorbitol. Isomaltase 
and soluble starch utilization genes is also useful as a regulatable promoter for a Saccharomyces 
microorganism transformed with a plasmid containing such a promoter. Plasmids containing C. albicans 
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functional DNA sequences ere useful for production In Saccharomyces of heterologous flene products, such 
dJ££*M « B. pertussis toxin subunit (S1, l Transforming Growth Moh^ «d 

ISSCTITSSS and secret* IntoTe cuKure medium. Secretion ofttve fusion P^^f* 
ptSonoTSe Protein to be greatly simplified and allow, poa-trensletJona. modified, of the protein. 

exoto^n of B. pertussis which plays a major role In the f^^^'^^^^^Sm 
bele majoTp&e-antigen of B. pertussis. [See. AA Weis, et aL. Ann. ajtfjS^^lJJS 
&!L U Is a hexemeric prote7n"co^ed of five ^'^^ 

SrSTtES * target £«. membranes. and the A-protomer (S1 subunH, contams 
""CSuSSe coding sequence of the entire pertussis toxin operon has been detained. See. e g 

Sre ^Tec%nTR5ckvn«e Maryland U.S A Such isolation may be effected by the method of Ke,th. et al, 

^^'K^KSn??JStr that S1-GA protein has 

Won-- Thus, the present invention relates to S1-GA protein, the S1-GA protein 

Smprts rrmuno^recSve and non-toxS: amount of SVGA protein. Such vaccine may comprise , s u ch 
3n" To£ cTcc^unctlon with other antigens and/or adjuvants. In addition, the present Center, a so 
* me»od for'inoculaung a human against whooping cough which compnses adm.n.sterlng the 

"tSSi ^eTount- as used herein is meant an amount of S1-G A protein which win 
e !iC H "a suSnt pSecL immune response against pertussis after such amount of such protem ,s 

ad T^rm •St^rpSn- is meant a soluble form of the pertussis toxin (PT) Si subunit protein which 
has been eZssed by a host Saccharomyces cell transformed by a recombinant DNA fragment compos- 
£ ^J£^V*» *TESSCtt (amino acids 2 to 187 of the "MnM af£ 

mature S1prot5n) fused, in phase, to (a) the Candida albicans giucoamylase signal f^ 

rrZ^th^-GA oroteln codinq sequence" Is meant any coding sequence, such as a fuson of the 
SSJ^^i^CS SSJ?P«»W coding sequence, a, wel. a, a 814A protein coding 
^IncTen^ demons or additions of amino acids, which encodes a protein which 

ETZSS!^™*^ activity as native S1-GA protein. Such functional mutants and 
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derivatives are conventionally prepared by one of skill in the art employing, e.g.. site directed mutagenesis, 
random mutagenesis, chemical synthesis of nucleotide or peptide sequences, truncation or deletion of part 
of the coding sequence for native S1-GA protein, chemical modification of the above or concatenation of 
more than one segment of the S1-GA protein coding sequence. Such functional mutants and derivatives of 

s the Si -OA protein coding sequence also include chemically modified forms thereof. e.g., glycosylated and 
alkylated forms which have substantially the same biological activity as native S1-QA protein. 

This invention is also related to a recombinant DNA molecule, such as a cDNA, which contains the S1- 
GA protein coding sequence. Such cDNA can be prepared by conventional techniques such as by reverse 
transcription of mRNA isolated by conventional techniques from a ceil or culture producing S1-GA protein, 

ro such as by the method of Han et ai.. Biochemistry . 26, 1617-1625 (1987). As a further embodiment of the 
recombinant DNA molecule of the invention there is provided a recombinant DNA vector comprising the 
coding sequence of this invention. This vector preferably contains the above coding sequence in operative 
association with suitable expressionxontrol sequences. By. 'suitable, expression control sequences' Is meant 
those sequences which regulate the transcription and translation of a structural gene. Such expression 

rs control sequences are well known in the art. 

Still a further aspect of this invention is a host cell transformed with the vector of this invention. Such 
host cell is capable of growth in a culture medium and is capable of expressing the coding sequence of the 
invention. Such host cell is prepared by the method of this invention, i.e., transforming a desired host ceil 
with the vector of the invention. Such transformation is accomplished by utilizing conventional transforma- 

20 tion techniques. Host cells which may be suitable include, but are not limited to, mammalian cells insect 
cells, bacterial cells, plant cells and fungal cells. Thus, this invention is not limited to any specific host eels, 
although a Saccharomyces host cell is preferred. 

The present invention also relates to a method of producing the protein encoded by the S1-GA coding 
sequence of this invention which comprises culturlng the transformed host of the invention in appropriate 

25 culture media and isolating such protein. By "appropriate culture media" is meant that media which will 
enable the transformed host to survive and which will also enable such host to express the coding 
sequence of the invention in recoverable quantity, It will be appreciated by one of skill in the art that the 
appropriate culture media to use will depend upon the host cell employed. The isolation of the protein so 
produced is accomplished from a culture lysate of the host or, if appropriate, directly from the hosfs culture 

oo medium and is carried out by conventional protein isolation techniques such as those discussed above. 

This invention also relates to a synthetic DNA molecule containing the Sl-GA protein coding sequence. 
By the term 'synthetic* is meant a DNA molecule prepared by synthetic rather than recombinant techniques. 
Such techniques are well known in the art using commercially available DNA synthesizers. 

The vaccine of this invention comprises an immunoprotective and non-toxic amount of S1-GA protein. 

as Such vaccine preferably contains 5-25 ug of such SVGA protein but is not limited to these amounts. 

Other antigens which are known to be desirably administered in conjunction with pertussis toxin may 
also be included in the vaccine of this invention. Such additional components are known to those of skill in 
the art Preferable additional components include tetanus toxoid and/or diphtheria toxoid as well as 
filamentous haemagglutinin (FHA) and/or any other protective antigen of B. pertussis . 

40 The provision of such a vaccine thus allows another aspect of the present invention. i.e., a method for 
immunizing a human against pertussis which comprises administering the vaccine of the subject invention 
to such human. 

The mode of administration of the vaccine of the invention may be any suitable route which delivers an 
immundprotective* amount of the protein of the^ subject invention to the host However, the vaccine is' 

45 preferably administered parenterally via the intramuscular or deep subcutaneous routes. Other modes of 
administration may also be employed, where desired, such as oral administration or via other parenteral 
routes, i.e.. intradermal^, intranasaliy. or intravenously. 

The vaccine of the invention may be prepared ts a pharmaceutical composition containing an 
immunoprotective and non-toxic amount of S1-GA protein in a nontoxic and sterile pharmaceutical^ 

so acceptable carrier. Where the administration of the vaccine is parenterally. the protein comprised by the 
vaccine can be optionally admixed or absorbed with any conventional adjuvant for use as a non-specific 
irritant to attract or enhance an immune response. Such adjuvants include, among others, aluminum 
hydroxide, aluminum phosphate, muramyi dipeptide and saponins, such as Quit A. As a further exemplary 
alternative of the preparation of the vaccine of the Invention, the protein comprised by the vaccine can be 

55 encapsulated within microparticles, such as liposomes. In yet another exemplary alternative of the prepara- 
tion of the vaccine of the invention, the protein comprised by the vaccine can be administered with an 
immunostimulating macromolecule, or a tetanus toxoid. Alternatively, an aqueous suspension or solution 
containing the protein of vaccine of the invention, preferably buffered at physiological pH, may be designed 
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^ ft?25 that the vaccine of the Invention, when in a pharmaceujcal " » 1 

dosage forms. The appropriate therapeutically effective dose can be read,ly determined by those of «^"|»2 
JTS ThT effective amount of S1-GA protein contained in the vaccine of this Invention may be m the 

, Z a 7cu£ effective amounts of antigen In conventional B. pertussis acellular or component vaccines Le.. 
S J IT protein. This dose may optlona.ly be delivered Vinous amounts* fi^entou, haernafl- 
olutinin (FHA) (about 10 ug-25 ug) and/or agglutinogens or other antigens. It will be understood, however, 
ZZ s^cdo* leveTfor «Ty particular^tient wil. depend upon a variety of factors IncUxflng the age. 
oeneral health, sex. and diet of the patient, the time of administration; the route of administration; synergic 

„ Sects with any other drugs being administered; and the degree of ejection being to*! Of c^rse. the 
administration can be repeated at suitable Intervals It necessary. P^fbry three doses wi II be admin 
istered. with 3 to 12 months Intervals between each dose, with an opfonal i| do * 9 J*^' n ™V 

In the following examples, specific embodiments of the invention are more fully J^ p '"\ 
7 illustrate the expression of Candida genes in Saccharomyces to complement the functions of the native 

« LSr^yces SS^n. 6£npieT5 and 9 illustrateWIso^on ^ usrof Car^^lcMOf r^or^ 
Se^on of a Candida gene in Saccharomyces . Examples 10-13 illustrate *e use of a Candida 
%2 mS£ « part^nr^expre,sion-inT^c7e^ 6 y.tem for other r»n-yeast heterologous gene^in 
Saccharomyces. Examples 13 and 14 relate to the vaccine of the Invention. These examples are Intended 
to be illustrative of the subject invention and should not be construed as limiting its scope. 
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EXAMPLE 1 • ISOLATION OF ONA FROM C. ALBICANS 



as A. Construction of the genomic library of C. albicans 

The DNA from C. albicans strain 792-1 (courtesy of J. Kwon-Chung. Natl. Inst. Health. USA) was 
feouS by the proce-durTdelcTibed by Rigsby et ai.. cited above. The DNA purified by this procedure was 
on the average 100 kilobase paris (kbp) in length. , fATrr 

»- A genomic library was constructed in the Saccharomyces - Escherichia coli shuttle vector. YEpt3 ^ATCC 
3711S | described by Broach et al.. cited above. Calculation of the size of the genome of C. albicans based 
on the by Rigsby et a... cited above, suggests that me genome size of C. a^cans ,s about 2 
Tl J kbp Therefore, some 8000 independent transformants carrying an insert of 10 kbp are requ. d to 
provide a genomic library with a probability of 99% that each of. the sequences of C. agO^ * 

35 represented at least once in this library. This was calculated by the method disclosed by Mania* et al.. 
■Molecular Cloning - A Laboratory Manual". Cold Spring Harbor Laboratory (1982). MMWfclM 
Se DNA was partially digested with the restriction endonuclease Sau3A and fractionated by centnfuga- 
ton in a 5-20% sucrose gradient. The fractions containing DNA fragments in L^eZ 
pooled and used for ligation. Plasmid YEp13 DNA was cleaved at the unique BamH site and then ^treated 

« SS elkaHne phosphatase to prevent seH-ligation. Equal concentrations (200 ng. m a 10 III reacbon mixture) 

GeneT 5195-113 (1979) were transformed with the ligated mixture according to Lederberg and Cohen J. 
Sriol 119-1072-1074 (1974). With the modification that a 45 min. expression time at 37 C in Luna 
WEm wSal^An-estimate of .the.number oUndependent. transformants, was, obtained by plating,. 
srS saSpTe on LB plates containing 50 ug/m. of ampicHlin. Simultaneously, to 
Jellied into LB broth confining 50 ug/ml of ampicil.in and incubated ^"'to^^ 0 ^'^"; 
STplate results indicated that some 16.000 independent clones were cMM To ^^^.JSE 
age of transformants which contained Inserts. 100 transformants were teste* for the r rj 
«. and to tetracycnne. Since the BamHi site is In the tetracycline resistance gene (tat"), transformants ttat 
c^taTn 1SZS«l .the inserted"5NA should be sensitive to tetracycline and resistant to ampjcJIUn. wh.le 
%£S£Z££ Plasmas wKhout Inserts shoukf be J 1 ""^ 
obtained Indicated that all the transformants were sensitive to tetracycline and resistaM to ampWinn 
tZggZil t!2 at least 99% of the transformants were carrying plasmlds containing Inserted DNA of C. 

W was prepared from the overnight LB-ampicillln culture of f, coli. either small scale or large scale 

by the method of Maniatis et al.. cited above, using an aliquot of this original culture as Inoculum. 
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B. Expression of C. albicans genes in S, cerevisiae 



(1) General methodology 

To Isolate cloned DNA sequences of C. albicans by expression in S. cerevisiae , genetically defined 
haploid strains of S. cerevisiae were employed as hosts for ONA mediated transformation Transformation 
was performed afby the spheroplasl procedure, as described by Sherman at al.. "Methods in Yeast 
Genetics Laboratory Manual", Cold Spring Harbor Laboratory (1082), or by the lithium chloride or lithium 
acetate method described by Ito et a)., cited above. The yeast were plated on minimal medium (Yeast 
nitrogen base-Drfco. YNB) containing all necessary supplements except one. 

Transformation of a defined S. cerevisiae mutant with a plasmid containing the wild type allele of the 
specific mutation allows-the transformed host to grow under conditions restrictive to the non-transformed 
mutant. In the examples following, the LEU2 gene was used as the first selectable marker. The transformed 
yeast were then subcultured onto additional types of media to select transformants that expressed other 
functions original lacking in the S. cerevisiae host strain. 

The plasmids were recovered from S. cerevisiae by making a ONA preparation of the desired 
transformant, using the procedure of Sherman et al., cited above, and using this DNA to transform E. coli by 
known techniques and used for further analysis. Such further study included: a) transformation of yeast to 
confirm the presence of a gene conferring the same phenotype as found in the original transformed yeast 
cell; b) hybridization analysis to confirm the presence of ONA of C. albicans in the hybrid plasmid; and c) 
further analysis of the C. albicans ONA fragment both structurally and functionally. 



(2) Isolation of a Candida albicans gene that complements the trpl mutation of S. cerevisiae . 

Spheroplasts of S. cerevisiae strain OBY746 (a. hisjM leu2-3, Ieu2-112, ura3-52. trpl-269) were 
transformed with QNATsolated from the C. albicans library. S. cerevisiae strain OBY746 was obtained from 
Yeast Genetic Stock Center, Department of Biophysics and Medical Physics. University of California, 
Berkeley. California, U.S.A. The cells were plated on minimal medium (Difco YNB) containing all required 
supplements except leucine. The transformed yeast cells expressed the plasmid encoded LEU2 gene. The 
Leu* cells were harvested from these plates and plated onto minimal medium tacking both leucine and 
tryptophan. Of the 500 transformants examined, two grew on these plates. 

To test whether the growth of these two transformants on medium lacking leucine and tryptophan was 
due to the presence of a C. albicans DNA insert, rather than due to the reversion of the trpl mutation, the 
transformants were grownln non-selective yeast extract peptone dextrose (YEPO) medium for 10 genera- 
tions, and then plated on minimal medium containing all supplements. The colonies were then replica plated 
onto minimal medium lacking only tryptophan or only leucine. 

In ail cases, colonies arising from cells that had lost the plasmid i.e., were Leu. also required tryptophan 
indicating co-segregation of the LEU2 and TRP1 alleles. 

Plasmids were recovered from the two transformed isolates by transformation of E. coli HB101 with 
small yeast ONA preparations, prepared by the method of Sherman et al.. cited above, selecting for 
ampicillin resistant, transformants. The transformed E. con cells were tetracycline sensitive, indicating mat 
the plasmid contained an insert in the tet R gene, the two plasmids were designated' pAR84-l*arid pAR84^2. 

Plasmid ONA of each was prepared by the method of Maniatis et al.. cited above, and used to 
transform S. cerevisiae strain OBY746. The selection of the transformed cells were performed on medium 
devoid of leucine but containing the supplements histidine. tryptophan and uracil. The Leu transformed 
cells were tested for prototrophy for tryptophan. Between 88 to 100% of the transiormants expressed the 
unselected marker TRP* confirming that both pAR84-1 and pAR82-2 contained a gene complementing the 
S. cerevisiae trpl mutation and indicating that a functional ONA sequence derived from Candida can be 
expressed in Saccharomyces . 



C. Further Characterization of the Plasmids 

To test for specific hybridization of the DNA insert in the recombinant plasmids to genomic ONA of C. 
albicans. DNA from non-transformed and transformed S. cerevisiae strain OBY746 was isolated according to 
the procedure described by Sherman et al.. cited above, for small scale preparations. The DNA of E. coli 
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-j* -rf* n .ii Diasmld was also prepared by the method of Manlatis et al.. cited above. 

tTSa ££ ZZXEZ with the restriction enzymes Hind.ll and BglL Digested DMA o C, 
sTai^92"T cerevisiae strain OBY746. plasmid YEpuTand plasmid pAR84-2 1 was elec- 

SS^^ VJIT'T » ™d^3 

Ri rt i fla-503-517 (1975) The filter was then hybridized sequentially, first with »P laoeiiea rtpio u ™ » 
&JS^i?«S hybridized to the genomic ONA of a elbjcans. and second. wfth»P labelled 
5rM4 ONA to determine whether the new plasmid hybridized to the genomic ONA of 

Tta iSwcetoloM filters were prehybrldized for 3 hrs. at 65* C with a solution containing 6 x SSC and 3 
x o£to««*%^™o£™ 400. 0.02% poiyvfnyipyrrondone 360 and 0.02% bovine serum 
^l^a^rSTSTmethod of Maniatis et al. dted above. Hybridization * ™ 

DNA probe prepared by nick translation according to the method of Ntaniatt e al.. dted 
Sve w^a^^Siz^as performed for 18 hour, at 65*C. After hybridization the filters were 
washed with 2 x SSC at 65 ' C. The filters were then exposed to X-ray film. 

^O^DNA hybridized- only to- the genomic DNA. of- S, cearirtg, whereas pAR84-2. DNA a so 
hybrldz d toTe g nomic DNA of C. alWcans. The hybridized of PAR84-2 ^^S^g^t 
DNA Is due to the S. cerevisiae LEU2 glnTthat Is a part of the plasmid. The hybndization to C. albicans .s 
due to homology ofCandida insert with genomic sequences of Candida. _ 4 _ ; _ t . . „_ 

due t^homo ogy In each plasmid was estimated by electrophores s ^ restrict™ , dgests en 

aga.Se gels pAR84-1 contains a 15 kbp fragment of C. ajbicans DNA, while pAR84-2 conta.n, a 10.4 kbp 

" ^Uslna the same methodology as that used for the isolation of a C. albicans DNA fragment that 
comment th" S 6 SIS. Z mutation, p.asmids carrying other functJona. C albjcans genes have 
been isolated and characterized asdescribed in the following Examples 2-7. 

PIMPLE 2 - COMPLEMENTATION OF THE S, CEREVISIAE his3 GENE WITH C. ALBICANS DNA 

The his3 of S. cerevisiae encodes imidazo.eglycerol phosphate dehydrogenase. The 's^Uon of a a 
albic^s gTne thTtlSSpiiSents the his3 mutation of S. cerevisiae was <*2"**?£^ £ 
frkSdurt . of Example 1. The Leu* yiaTt Transformers were plated on med.um lackmg leucine and 

^Z^T^TZ^Z «Hat consents the his3 mutation of S were 
recovered torn the J^MESST***** above, by transformation of E. cofi HB 01 
rS o f Example 1. Plasmid DNA was isolated from the E, coli transformers according to the method of 

*Tatid"™ fl ene thai complements the his3 mutagen of l cassias 

was transformed into S. cerevisiae strain DBY746 according to the procedure of Example 1. 

S T£^fiES5&hm were transformed with plasmid P AR84-3 and to 
the meScIs deicHbTd above. These microorganisms were then tested for expression of the huS gene. 

2 ^ pTPF^ ™ ™e r. ai wftAMS BENOMYL RESISTANCE GENE IN & CEREVISIAE 

The C. albicans benomyl resisjance gene confers high level resistance to the anti-fcngal i****"^. 

, me 2S£febWy^^ Strains ^^S^Z^?^SL^ 

UnTcerevW^This gene thus confers a new characteristic to a transformed 8. cerevtsiae stra,n. 

" * T^rfon of the C. albicans benomyl resistance gene was carried out according to Mpmriiri of 
-roe m ____ JWG2-2C («. leu2-3. Ieu2-112) was employed as the host. S. 

^ P JwS-lSSed from a cross of ^revisiTe strain DCS (leuM. tog-112. his3. 

so cerevis.ae strain JWG2-2C was derrvea worn ■ c ceTwislae strain 

gaTzcani-ll). with S_ E?i^ Q ^ n J. M, ^ u ( *V^ to nvbS Newark. U.SA §T 5fjyIsTa7 strain 
5 J2S£!E. J mS o^SXiX Pu^a, WasnTngOTA Tf» 
2? «H were plated on mimimal medium (Difco YNB) containing afl required supplemerrts 
« ^l 0 ^S^v^ZoZ^g benomyl (50) ug/ml). Several benomyl resistant colonies were obtamed. 
M «?, SS JZSSt C albicans oene that codes for an enzyme conferring benomyl resatance were 
JStST2»^n ^ ^ D^was . seated 
So^an^cording to me smali scale method of Sherman et a... cted above. The s,ze of the^ 
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albicans insert in the recovered plasmids was estimated by aoaroseoel electrophoresis 
— The" plasmid ONA containing the C. albicans benomyl resistance gene was isolated from tfie E cofl 
transformants. and used to transform g carKGB strain JWG2-110 (a. hM. frpl-289. {eu2-3. teo2-112. gall 
^152) according to the procedure of Sample 1- S. cerevisiae strain JWG2-11D was denved by the same 
method as S. cerevisiae strain JWG2-2C. ^ iL . 

Host S~ce7evls1irmicroorganlsms, transformed with a plasmid containing the C. albicans benomyl 
resistance""gene according to the method described above, were selected as descnbed above. Tte 
presence of plasmid In the transformed hosts was confirmed according to the method of "ample 1 by 
plating on medium containing benomyl. Three Independent Isolates, designated pCAben17. pCAbenS and 
P CAben15. were further analyzed by restriction mapping, and all were found to contain an Identical 5.8 
kilobase pair (kbp) ONA fragment from C. albicans . 

EXAMPLE 4 » EXPRESSION OF THE C. ALBICANS SORBITOL UTILIZATION GENE IN S. CEREVISIAE 

The C albicans sorbitol utilization gene allows tor growth on the carbon source sorbitol. Strains of C. 
albicans ttngrowon sorbitol but S. cerevisiae and other species of Saccharomyces cannot utilize this 
sTiaTThis gene thus confers a new"characteristic to the transformed S. cerevisiae strain, as follows. 

The isolation of the C. albicans sorbitol utilization gene was carried out according^ the procedure of 
Example 1 except that S~ cerevisiae strain JWG2-2C was employed as the host. Leu transformants were 
plated on minimal medium (Oilco YNB) containing all required supplements except leucine and glucose, 
and also containing 2% sorbitol. 

Plasmids containing a C. albicans gene that codes for an enzyme confernng sorbitol utilization ability 
were recovered according t7thTp75cedure for Example 1. Plasmid DNA was isolated from indMdua E. con 
transformants according to the small scale method of Sherman et al.. cited above, and the size of the C. 
albicans insert of the recovered plasmids was estimated by agarose gel electrophoresis. 

Pialmid DNA containing the C. albicans sorbitol utilization gene was isolated from the E. con 

transformants described above. and~us"edlo~transforrn S. cerevisiae strain JWGM1D according to the 

me *°o d st C censol P s e cerevisiae transformed with a plasmid containing the C. albicans sorbitol utilization gene 
were selected as"described above. The presence of the plasmid in the transformed hosts was confirmed 
according to the method of Example 1. DNA of two independent isolates, designated pCAsor2 and 
pCAsorfl. were further analyzed by restriction mapping. P CAsor2 was found to contain a 4.5 kbp DNA insert 
from C. albicans , while P CAsor9 was found to contain a 4.8 kbp DNA insert from C. albicans which showed 
little homology to the pCAsor2 C. albicans DNA insert. 

EXAMPLE 5 - EXPRESSION OF THE C. ALBICANS GALACTOKINASE GENE IN S. CEREVISIAE 

The isolation of the C. albicans galactokinase gene, which complements a S. cerevisiae gall mutation, 
was carried out accordinJtolhTpTocedure of Example 1. except that S. cerevisiae strain JWG2-11D was 
employed as the host. Leu* transformants were plated on minimal media (Oifco YNB) containing all 
reouired supplements except leucine and glucose, and also containing 2% galactose. 

Ptasmids containing- the C. albicans gene that codes for- galactokinase wer* recovered In E. coli. 
according to the procedure foTExlmpie~1. Plasmid DNA was isolated from individual E. coli transformants 
according to the method of Example 1. 

The plasmid ONA containing the C. albicans galactokinase gene was Isolated from the E. coli 
transformants as described above and usedToMnsform S. cerevisiae strain JWG2-11D according to the 

^ rt 8^3u microorganisms, transformed with a plasmid containing the C. albicans galactokinase 
oene were selected a s described above, and the presence of the plasmid In the transformed host was 
confirmed according to the method of Example t. Two Independent Isolates, designated as pCAgalM end 
pCAgalM were further analyzed by restriction mapping which revealed that the 7 kbp C. albicans DMA 
insert in pCAgall-1 is identical to the internal portion of the 13 kbp insert in pCAgalM. 

The presence of a C. albicans DNA sequence encoding galactokinase in the S. cerevisiae transformants 
was further demonstrated by measuring the level of galactokinase In strain JWGMlD with or without 
plasmid pCAgall-4: Enzyme activity measured by the method of Butt et al.. PNAS-USA . 81. 3332 3336 
(1884), was only detected in galactose induced cultures containing pCAgall-4. 
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sequence In pCAgaM contains a galactose requlated promoter which .s respons-ve to S. 

cerevisiae regulatory proteins. 
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EXAMPLE 8 - EXPRESSION OF THE C. ALBICANS ISOMALTASE GENE IN S. CEREVISIAE 

, J? £Sl"lf|» «. n*lmS ™di. (P*. YN6) art** .» 

extent leucine, and also containing 2% o-methyl-D-glucopyranoside. 

PlasmSrconSining the C. albicans gene that codes for Isomaltase were recovered according to *e 
procure o! SSS * PlaTmiTOTM w 8 as isolated from individual E. coli transformants accordmg to me 

^tTpSSna containing the C. albicans isomaltase gene was isolated ^ 

mJ?*SZ above and used to transToTmT cerevisiae strain JWGM 1 D accord.ng to the method of 

^"hS S cerevisiae microorganisms, transformed with a plasmid containing the C. albicans isomaltase 
gene werKSSs TesTnSed above, and the presence of the plasmid in the transformed host was 
confirmed according to the method of Example 1. 

r^^-r - evo^ON. OP THE C. ALBICANS GLUCOAMYLASE GENE IN S. CEREVISIAE 

The C albicans glucoamylase gene codes for an enzyme allowing for growth on soluble starch. Strains 
of cT*B^Ato w* soluble starch as a substrate, but 8. cerevisiae cannot naturally > utto- *■ 
tllS TOs enzyme glucoamy.ase. has been found in other species of Saccharomyces Thus, the 
nbic^en?whS y cie g s for glucoamylase (which cleaves o-t-4 glucosidic bonds) confers a new 

delated from Individual E. cbTtrahsformahts- according to the methodsof Exampie-i . . * 

Vtas^DNA contaEinTthe C. albicans glucoamylase gene isolated from the E. cot, transformants as 
descTb^e ^ toFaSsloTnT^ cerevisiae strain JWG2-110 according to the method of 

S cerevisiae microorganisms, transformed with a plasmid according to the ™^<* 
Host 5. cerevisiBe m, " ou, «"" . ' a ThA 0 1 the olasmld In the transformed host was 

%M m ££H C. alMcans^NA insert white pSTAIS-1 contains a poss.b.y drfferent C. 

22 rSmS A 0 STS7.l was introduced by transformation (to et al.. cited above) Into thrw drrtarerrt S. 



11 



EP 0 362 179 A2 

(YEP) medium containing 0.5% maltooligossacharfdes (Mos) (Pfanstiel - Laboratories Inc.) as the sole 

carbon source. ...... 

This compound. Mos. consists of a mixture of glucose polymers linked by alpha-1,4-glucosidic bonds. It 

is devoid of glucose, maltose and maltotriose, and thus consists of higher order oligomers which cannot be 
s used as carbon sources by Saccharomyfces cerevisiae strains. This is due to the fact that 1) these 

polysaccharides do not enter S. cerevisiae" ce»s and 2) S. cerevisiae strains do not secrete an enzymatic 

activity (amylase or glucoamylase) capable of degrading Mos extracellularty. 

While all three strains transformed with plasmid YEp13 failed to grow on Mos containing medium, the 

same three strains carrying plasmid pSTA27-t. as well as C. albicans strain 792-1 (courtesy of J. Kwon- 
io Chung. Natl. Inst Health. U.SA) grow well on this medium. This result indicates that the C. albicans DNA 

fragment cloned in pSTA27-1 carries a gene encoding an enzyme capable of degrading Mos into a usable 

carbon source. 

This gene is expressed in S. cerevisiae , arid its' product is secreted into the culture medium; 

In order to confirm the expression and secretion of the C. albicans glucoamylase by a S. cerevisiae 

ts host transformed therewith, the culture media of ail six transformed S. cerevisiae strains, as well as that of 
C. albicans strain 792-1. were tested for the presence of glucoamylase activity according to the method 
described by Searle et al.. FEMS Microbiology. Letters, in. 211*212 (1981). ft was found that while the 
culture media of S. cerevisiae strains transformed with YEpl3 was devoid of any detectable glucoamylase 
activity, the culture media of C. albicans strain 792-1 and that of S. cerevisiae containing pSTA27-1 

a> contained appreciable amounts of glucoamylase. In fact, it was found that S. cerevisiae strains carrying 
plasmid pSTA27-1 secrete 15 to 30 fold more glucoamylase activity into their culture medium than does C. 
albicans strain 792-1 . 

The glucoamylase activity secreted by S. cerevisiae strains transformed with pSTA27-1 was further 

characterized and compared to that secreted by C. albicans strain 792-1 in the following manner: 
2S a. The pH optimum of the enzyme secreted by S. cerevisiae strains was determined to be between 

4.s and 6.0 and is identical to that of the enzyme secreted by C. albicans . 

b. The temperature optimum of the S. cerevisiae secreted enzyme was found to be 60 C and is 
identical to that of the C. albicans secreted enzyme. 

c. Aliquots of the culture medium derived from an S. cerevisiae strain (genotype: a. Ieu2, hist). 
m described above, transformed with either YEp13 or pSTA27-l and of C. albicans strain 792-1 were analyzed 

by SDS polyacrytamide gel electrophoresis. A diffuse protein band of a molecular weight higher than 94K 
dalton is present in the above-described S. cerevisiae strain transformed with pSTA27-1 medium but absent 
from medium derived from that strain transformed with YEpl3. A similar, if not identical, protein band is 
detected, although in much lower amounts, in medium derived from C. albicans strain 792-1. 
« Taken together, these results indicate the fragment of C. albicans ONA cloned in pSTA27-1 carries a C. 
albicans gene encoding a glucoamylase that this gene is expressed in the yeast S. cerevisiae , and that the 
product of this gene is secreted into the culture medium by S. cerevisiae cells. 

Examples 8 and 9 report the isolation and use of several C. albicans replicator regions that support 
autonomous replication of recombinant plasmids in heterologous host S. cerevisiae microorganisms. 

40 

EXAMPLE 8 - TRANSFORMATION OF S. CEREVISIAE WITH A RECOMBINANT PLASMID CONTAINING 

aOlbTcans^repucator REGION 



A. Materials and methods 

Escherichia coii strain SFi (C600, leuB, thr. pro. Bl. rif. mk". recBC". topll. Jig*) [Cameron et al.. 
PNAS. USA, 7273416-3420 (1975)]. was used fa bacterid transformation and propagation of plasmids. 
§S5e7ia^re^rown on LB (rich media) or M9 (minimal media) supplemented as required [(Miller, 
•Experiments In Molecular Genetics', Cold Spring Harbor Laboratory, New York. 431-433 (1972)]. Sa* 
charomyces cerevisiae strain 483 (genotype: a, leu2-3. Ieu2-112. his4-S19. canla) was used as host for 
yeast transformation. This strain was obtained from MichaeTtulbertson. University of Wisconsin. Madison, 
Wisconsin. Yeast cultures were grown on YPG (rich media; 1% yeast extract, 1% peptone. 2% glucose) or 
YNB (minimal medium; Difco YNB) supplemented with histidine (2 ug/ml) and leucine (2 ug/ml) as required. 

Plasmid M851 [Gorman et al., Mol. Gen. Genet. , 183, 306-313 (1981)] was employed. C. albicans strain 
792-1 was used as the source of genomic ONA. 

Covalently closed, circular plasmid DNA was prepared from M9-glucose grown E. coO cultures amplified 
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with chloramphenicol. DNA was extracted and purified by a cleared lysate technique essentially a, 
E 'Sfcsffgtt™*™ transfor.nat.on and preHminary gel 

to the presence of plasmid. single colony mini-lysetea. prepared by the same method, we e us*. 

For wctl^ of total DNA from S. cerevlsiae , the small scale method of Sherman et al.. crted above. 

WM c m £ DNA was prepared by the method of Rigby et a!.. X MoJ. BloL. 113 . X™?* 77 )- -f . 

S.SnSyVs ^d hSzation P roc«Jure, employed were rccoTding to the ^IM«M^ 
^.d «S B E con were transformed using the calcium-heat shock method, as modified by Dagert and 
S!?J^nA-fi^S7l979) The procedure used lor yeast transformation was essentially as described 
?SiSa^lCt?«5^ se-sulfatase W f »^f w ^ n ' 

w^Texc^Sit-a lower concentration of plasmid DNA (0.5 -1.0 ug per 10« spheroptests) was used. 
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B. Results 



20 1. Plasmid Construction 



™*i r*nrtid* DNA diaested to completion with restriction endonuclease Pstl. was mixed with Pstl-cut 

so ignated pCA followed by an isolate number. 

2. Transformation of Yeast ... 
" Plasmids containing a yeast replicator sequence transform yeast at high frequency, reflecting autono- 

Leu J r RvTrt «Ie fortune pCA plasmids tested showed high frequency transformat,on These result, 
indicate that such plasmids can replicate autonomously in S. cereviwae. 

3. Detection of Plasmid DNA In S. cerevisiae 

" If high frequency transformation indicates the presence of a Candida seo.uencett.at allows «*°"*™« 
p Jmfd repicSon% should be possible to recover covalently closed circular molecules from the unstable 

Itx^^^ veast trains. electrophoresed ,n a 1.0% 

S^hSlqm translormatJon. as well » withal plasmid P YP42 (Gorman et .... crted above). 
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4. Transformation of E. Coll with Yeast Plasmld ONA 

The yeast plasmid preparations analyzed by hybridization techniques were also examined for ability to 
transform leuB. E. coll to Leu*. Bacterial colonies selected on leucine deficient medium were screened for 
the presefweof "plasmid by agarose gel electrophoresis of minHysates. The five yeast extracts ^that were 
shown to contain plasmids by hybridization have rise to Leu E. wfi that contained plasmid DN* Plasmid 
DNa of one of the five high frequency transformation pCA plasmids was compared with the plasmld isolated 
from E. coli following transfer through the S. cerevlsiae host The plasmids. containing a 4.0 talobase pair 
(kbp)'C. albicans insert were found to be identical. 

CtFTer replicator regions of Candida useful in the autonomous maintenance of plasmids used to 
transform Sacchar omyces can be isolated according to the method of Kawamura et al.. cited above: Hsu et 
al.. cited above; or fikhomirova et al.. cited above. Plasmids containing such replicator regions can be 
prepared eccordlng^o the method described in this Example. 

EXAMPLE 9 • TRANSFORMATION OF S. CEREVIStAE WITH A PLASMID CONTAINING A C. ALBICANS 
RlPTiCAT(5prRf:GON AND AC~ ALBICANS CODING SE5uENC"E 

A plasmid containing a C. albicans replicator region and a C. albicans coding sequence can be 
prepared by combining the mTthodToTExamples i and 8. Such a plasmid can be used to transform S. 
c erevisiae according to the method of Example 1. and expression of the C. albicans coding sequence by 
the transformed S. ce revisiae host can be detected according to the method of Example 1. 

Genes for glucoamylases from mouse (Thomson. 1983. Carlsberg Res. Commun. . 48:545). wheat. 
Asperigillus (Innis et al.. 1985. Science . 228:21). and S. diastaticus (Yamashita and Fukui. 1983. Agnc^ ftoL 
Chem 47 2 689) have been shown to >e secreted into the medium when expressed in S. cerevisiae. When 
pfoduied by C al bicans or by a transformed S. cerevisiae host, the C. albicans enzyme glucoamylase is 
excreted into the medium. It has now been foJnd that the C. albicans glucoamylase gene, also called the 
STA gene isolated as described in Example 7 provides ONA sequences for a novel promoter and a signal 
peptide which functions in protein secretion. The use of a signal peptide for secretion of a cytoplasmic 
protein is disclosed, for example, see Silhavy. et al.. U.S. Patent 4.335.336 issued June 22. 1882. This 
glucoamylase gene signal peptide can be used in a system for secretion of native or heterologous proteins 
expressed by Candida. Saccharomyces or other yeast cells transformed therewith. This expression system 
targets the he terologou s protein to the secretion pathway leading to post- or co-translational modifications of 

the synthesized protein. . 

Both the promoter and signal sequences of C. albicans glucoamylase gene are identified in Fig. 1. Fig. 
3 illustrates the signal peptide alone. The signal sequence enables the targeting of the heterologous protein 
to the secretion pathway. Thus, it may be used in an expression system to enable secretion of a 
recombinant protein into the culture medium whether under control of Its own promoter or under control of 
heterologous yeast promoters. 

The following Examples 10-13 demonstrate a variety of uses of this functional DNA sequences of 
Candida albicans. e.g. the use of the C. albicans promoter and signal sequence to express and secrete a 
heterolo gous pro tein in S. cerevisiae ~a>d~thTUse of the C. albicans signal sequence with other yeast 
promoters for such expression and secretion. 

In general' itf these examples E. coli vectors-are' constructed which allow mfreme-translationaJ^ fusion of 
heterologous proteins or peptides To"the promoter/signal peptide region of this glucoamylase gene. These 
hybrid gene constructions, (e.g.. glucoamylase promoter and signal peptide regions or the signal peptide 
under control of another yeast promoter) fused to a heterologous gene are then transferred preferably Into 
E. coli/Saccharomyces shuttle plasmid vectors for transformation Into yeast cells. 



EXAMPLE 10- EXPRESSION AND SECRETION OF HPM GP160 UNDER CONTROL OF C. ALBICANS 

STjjCQAMYLASfc PROMPTER/SlGNAL PEPTIDE* REGION IN S. CEREVISIAE 

An expression system employing the C. albicans glucoamylase promoter and signal peptide has been 
employed to produce the viral envelope glycoprotein gpl60 of the WV-I virus. gpl60 Is one of the antigens 
of interest for use in potential AI0S vaccines and therapeutics and can be used as a diagnostic agent for 
detection of HIV Infection. 
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A, Construction of E coli plasmid vectors 

= « ...«M «nei3 U Viera et a! Gene. 19250-68 (1982)] was Unearned by co-digestion with 
J&£J££ S i pTasmid wi ligated to . Jeg1 to Hind"- Dement 
^S^d^teltowT^ T«oUo>nu4Hl ONA fragment comprising the promoter and signal peptide , reg.on 
^S^SSS'iSL STAgene (encoding the secreted enr^me g.uco^se, was punfied from 
the cloned gelOhi SSclioTTdile'quence of this DNA fragment is shown In Rg. 1. 

A synthetic double stranded oligonucleotide having the following sequence: 

FnuiHl Bcylll Hindi 1 1 

CGCTCCAGATCTA 
CGAG6TCTAGATTC6A 



was Haated to the Tegl to Fnu4 HI fragment described above. The product of this Bgation. (a T£1 to 

Df^Jom a^pSte transformants was subjected to restriction enzyme anC [nucleotide 
^«rThTselected plasmid resulting from these analyses pTI-18 ( P RfT13046) contains the entire 
analyses. The se ected p *as m.o resu , « a sequence coding for the first 22 NH 2 terminal 

Ertiff'S ^lucrfe 9 p"te" whl* represent tii signal peptide of this secreted protein. 
* ££££ .Iw^ieTgnal peptide cleavage site, a unique Bgll. restriction cteavage site has been 

introduced as part of the synthetic oligonucleotide descnbed above. 

SSng ofto coding Vequence (or part thereof) of foreign genes Inter the B^ll arte in such a way as 

to re S the Sd"g tarn, or both the signal peptide as well as that of the foreign protein permrts ; once 

L SSu?i7 transferred into a yeast plasmid and introduced into yeast cells, the express.™ of tt» 
» li^irS^- «™ 9-e promoter and the targeting of tine foreign protem to the 

secretion pathway via the glucoamylase signal sequence. 
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B. Cloning of the HIV envelope glycoprotein (gplgO) coding sequence in a yeast vector 

a gnomic clone of the HIV variant BH10 [L. Rattner et al.. Nature. 313:277-284 (1885)] was digested 
• u aLtis and \Ybal An Asp7l8 to Xbal DNMTagTrTnt of approximately 2550 base 

Ss'wTs 0 " :rSScc^e coding sequence of me envelope g^protein 
^,L /*« P nv ZeY starting at amino acid Val 42 and extends several hundred nucleotides beyond the 

0 ene. This fragment was treated with Mung bean nuciease 

treated wS Senox polymerase I in the presence of deoxynuc.eot.de «™ ^ 

bTnminjdino 5 ends The fragment and plasmid were ligated using, T4 ONA Sgase. E. coD cells were 
SS^Jtt^^^L Transformants were analyzed t>y colony fitter hybridizati^ RestrictJon 
^^1^*^ analysis was performed on plasmid DNA extracted from setocted transfer- 

""^L. .nalvses allowed the selection of transformants containing plasmid P TM8/gp160 <pRm3047) 
tJ^SSZ^MwW* ^gment defmed above, fused in frame to the STA gene sgnal 

f junSon b^een'the signal sequence coding region end the env gene otfng sequence is 

provided below. 
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GCC GCT CCA GTA CCT 

Ala Ala Pro Val Pro 
t t 
glucoaraylase signal Bgllll/Asp 718 junction 
peptide cleavage site 

The relevant part of plasmid pTM8/gpl60 (pRITl3047) was transferred into a yeast vector In the 
following way. The plasmid was digested with restriction enzymes Xbal and Espl. An Xbal to Espl DNA 
fragment of approximately 2950 base pairs was gel purified. This fragment contains (starting at the Xbal site 
and proceeding, towards the Esp l sfte) the following elements: 

a^fewbase pairs derived fronrthe polylinker sequence of plasmid pUCT3; 355 base pairs representing the 
STA gene promoter; 66 base pairs coding for the signal peptide of the glucoamylase protein; the coding 
sequence of the env gene described earlier (starting at Val 42 and ending at its natural TAA translationai 
stop codon), followed by 70 base pairs of untranslated 3* flanking sequences. 

This DNA fragment was treated with the Klenox polymerase I enzyme in the presence of dNTPs to fill 
in 5* protruding ends. The fragment was ligated to a yeast vector containing the components shown in Fig. 
2 except for the expression/secretion cassette for the env gene, previously digested with Sail and treated 
with Kienox polymerase I and dNTP's. The ligation mix was transformed into E. coli. Ampicillin resistant 
transformants were screened by colony filter hybridization. 

Plasmid DNA extracted from selected transformants was analyzed by restriction enzyme mapping and 
DNA sequence analysis. Plasmid pQUG3/gpi60 <pRITl3049) resulting from this analysis contains the 
expression/secretion cassette for the env gene immediately followed by a yeast transcription termination 
sequence derived from the 2um plasmid gene D [A, Sutton et ah, MoL CelL BioL. 5:2770-2780 (1985)], and 
is diametBr in Rg. 2. Plasmid pQUG3/gpl60 (pRIT13049) was introduced into a S. cerevisiae strain 
(genotype: Mala, ura3 Ieu2 adel glni) by transformation. Yeast transformants were selected tor their ability 
to grow in theabsence of glutamine. 



C. Expression of the HIV env gene in yeast and localization of the gene product (Qp160) 



Yeast cells of the S. cerevisiae strain (genotype: Mata ura3 teu2 adel glni) transformed with plasmid 
pQUG3/gp160 (pR!Tl3049) were grown in selective medium. The ceils were harvested at late logarithmic or 
early stationary phase, washed in phosphate buffered saline (PBS) buffer (25 mM NaPOi. 150 mM NaCI. 
pH 7.4) and resuspended in PBS and 1mM phenylmethylsutfonyl fluoride (PMSF. Sigma) at 1:10 to 140 the 
original culture volume. 

Cells were lysed by vigorous vortexing in the presence of glass beads. The broken cell suspension was 
centrifuged at low speed (1000xg. 10 # . 4* C) to eliminate unbroken cells and cell debris. The supernatant 
was retained and represents the crude cell extract (C). An aliquot of fraction C was centrifuged at 30000xg. 
for 1 hour at 4 # C yielding a crude membrane pellet (P1-30) and a supernatant (S1-30) representing the 
soluble cytoplasmic fraction Fraction P1-30 was resuspended in PBS with imM PMSF buffer and extracted 
with Triton, &100 at a f final concentration of 1% detergent. The detergent extracted ?1,«30 fraction was, 
centrifuged at 30000xg for 1 hour at 4* C. The supernatant fraction (S2-30) was retained. In addition, 
aliquots of fractions C and S 1-30 were extracted with 1% Triton X-100. 

The various samples resulting from this cell fractionation scheme were assayed for the presence of 
material immunologically reactive to antibodies directed against the viral envelope glycoprotein. In this 
analysis various ELISA sandwich tests were used, utilizing a variety of commercially available polyclonal 
and monoclonal antibodies directed against portions of the gplSO protein. e.g. the external gp120 
glycoprotein and/or Its internal gp4l moiety. In some assays, human sera derived from AIDS patients were 
also used. Material reacting with both anti gp120 as well as anti gp41 antibodies was detected in fraction C 
(crude cell extract) only following detergent extraction, indicating expression of the env gene and synthesis 
of gp160 by the tested yeast strains and suggesting association of the synthesized protein with cellular 
lipids and/or membranes. Approximately 80% of this cross reactive material Is recovered In the detergent 
extracted solubilized membrane fraction (S2-30) confirming the association of this material with cellular 
lipids and/or membranes. The reactivity of this material to both antl-gpl20 as well as antl-gp41 antibodies 
suggests that most if not ail of it is in the form of unprocessed gp160 precursor protein. Analysis of this 
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material by immunoblotting confirms this hypothesis. 



D. Detection of HIV gpl60 in a crude membrane extract 

8 Fraction S2-30 was analyzed by capture EUSA for the presence of HlV-env antigenic sites. A sheep 
JSX SShrfc W Jde Of HIV gp41 (Biochrom #07323) was absorbed tc >"MJ™™£«°* 
Sr plates at a concentration of Sag/ml in PBS; 50 u/ml of antibody ^S^JTSK^ £ 
STplates were washed by 6 fold replacement of the content of each well wW, PBS and 0. % Tween 20 

,o and incubated with 100 ul of saturation buffer (PBS ♦ 0.1% Tween 20 ♦ 1% bovine serum a»*rnln ♦ 4% 
I!wbo^«! serum) for 1 hour at 37* C. The plates were then washed as above and the ndivWual wells 
^cub^S^ial dilutions of S2-30 InPBS ♦ 1* Triton. Rfty U. of a^e = ^ba^tor 2 
Z„ at room temperature. The plates were washed as above and incubated w,*a ™£ * 
H^p120 (Dupont #9284/7054). A concentration of 1 ul/ml of antibody in satarrt.cn ™»J W 

« u ««n were incubated for 1 hr at 37* C. trfe plates" were' wasted" as descnbed and the binding- of the 
L^^^mZ^ anLdy was reveated using biotin labeled anti-mouse Immunoglobulin reagent 
T^SZ and sJeotavidin-peroxydase complex (Amersham RPN 1051). according to the 

^ZJZ^TtT^Z ^obtained indicated the presence of HPV env gene antigenic 



sites. 



ao 



E Optimization of HIV gpl60 yield 

The protein gp 160 was produced by batch fermentation of the S. cerevisiae strain <ge notype: Mate 
„ 0 ra3 leu2 ade. J5) containing pto mid pQU63/g P 160 (pR.T13049, .asting 25-30 I hou R .iM «n« 
SFk vTsseTiWained at 30' C. Tne rich medium (1% yeast extracted 2% peptone. 2 % galactose VH P) 
S ?PH 5.0 by base addition. The inoculum (10% v/v) was grown up for 24 hours on YEP and 

2% YeaTt"™^^ rapid and was measured by reference to its Optical Density (O.D^o) at 650nm. Tne 
m a*imum doublino time during exponential phase was approximately 3 hours. 

^E£T.3£iw Growth phase. g P 160 was synthesized rapidly and was measured after approx, 
mate* 12 hours ^growth using capture EUSA as described above. Synthes.s reached a ^max.mumjDf 600 
3tf fermentation broth at approximately 20 hours, whereupon a rapid decl.ne .n gpl60 was detectable. 
UQ 1 onset Ste dedine gpl60 concentration coindded with the deoiefon 
Galactose metabolism was followed indirectly by mass spectrometry measurement (each 20 seconds) of 
*fct and oxygen concentration in the fermentor otf-gas. The exhaustion of galactose was correlated w,th 
thn ranid decline of % COs In the fermentor off gas at approximately 20 hours. 

?£ haSng me shortly before the decHne of % CO, .n the fermentor may be cruaal for 

obtaining a good yield of gpl60 in S. cerevisiae. 
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F. Purification of gp160 and micelle preparation 

One volumes of transformed yeast cells were ground In a Dynomil apparatus in the presence of one 
<r volumr T buffer consisting of 25mM* phosphate pH 7& containing 150mM NaCK imM. 
^LdLnateLceUc add (EDTA) and 1mM PMSF (Buffer A). The suspension is centrtfuged for 10 
2 TScl ^fpeiwconsisting of unbroken cells and cells debris is discarded. The supernatant la 
Tt£ cSa* To m^at 30000xg and the pellet Is extracted with 1% Triton X-100 in the original 
In turn ^Muged a JJ m « J " t ^oooxg (30 mln) ^ gp i60 containing supernatant is treated 
1"^ Po£« ^coSoTpr^pitate gpltt The PEG pellet «. dissolved in 50mM Tris buffer P H 
n££Tw mEow! 1% Triton X-100 and supplemented whh 1 * M *CI and 4M guanldlne 
Ha^Sontouttracentrifuged In a Titanium 50.2 Rotor during 65 hours at 45000 rpm. 

lS OMW fraction (detected by capture Bis. as above) ye pooled, dlalysed VM M 

an <i^mMM wen Amicon SM-50 ultramembrane. Oialysed gpl60 fraction is then layered on a 10- 
XS^vJ^JTc?^,* in a SW 41 Rotor at 40.000 rpm overnight The mlceita , containing 
tacftm St become Eiisa positive after Triton treatment are pooled and used for immunization studies. 

STe«t Synthesized HrV-gpl60 envelope glycoprotein obtained via the gluooamylase 
^JSJSriS system of the present invention has potentia. as a vacdne candidate. The post- or co- 
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translation^ modifications allowed by this expression system effect the tertiary structure of the protein, 
which may. in turn, effect the induction of a relevant immune response, since a significant part of the 
antibody is directed to conformational epitopes. The high cysteine content and the frequent occurrence of 
potential N-iinked giycosyiation sites in gpl60 suggests the formation of disulfide bridges and the further 

6 modification of antigenic properties of the molecule by giycosyiation. Thus targeting of gp 160 to the 
secretion pathway in an expression system using the glucoamylase signal peptide yields a molecule that 
appears to be structurally and antigenically more related to the native envelope glycoprotein spike. Those 
structural features of the env-gp160 glycoprotein obtained via the expression system of the present 
invention are lacking in the envelope protein expressed via non-secretion systems In yeast {see, e.g., PJ. 

to Barr et aL cited above] or in E. coli [see. e.g.. S.D Putney et a!.. Science . 234;1 392-98 (1 988)]. 

For example. In this expression system, the yeast synthesized gpi60 remains unprocessed into its 
gpl20 and gp41 glycoprotein components. Thus, both proteins remain membrane associated. This Is unlike 
the situation reported in mammalian cells [see. e.g.. M.P. Weny et a!.. Biotechnology . 4:790-795 (1986)] 
where the cleavage between gp41 and gpl20 results m dissociation of the two molecules and release of 

15 most gp120 molecules in the culture supernatant The association to cell membranes via a hydrophobic 
transmembrane region of gp4t can serve for the incorporation into particulate structures such as micelles, 
into liposomes by association to lipids or into immunostimulating complexes (ISCOMS) by association to 
the detergent quil A. This can increase the immunogenicity of the molecules, both by the adjuvant 
properties of liposomes and ISCOMS and by allowing an oriented presentation at the surface of these 

20 structures, similar to the virai surface. 



EXAMPLE 11 - EXPRESSION AND SECRETION OF TGF*a 

2% 

A. Construction of basic yeast expression vectors 

The pfasmids used to construct vectors for TGF-« secretion using the glucoamylase signal sequence 
are based on the high copy yeast shuttle vector pYSKi02 (Rosenberg et al., Genetic Engineering , 8:151 

ao (1986)]. All contain an 823 bp EcoRI-Pstl fragment of the yeast trpl gene [Tsumper and Carbon, Gene , 
10:157 (1980)], which provides a selectable marker, a 2.0 kb EcoRI-Pstl fragment of the yeast 2-micron 
circle. [Hartley and Donaldson, Nature . 286:860 (1980)] which provides an origin of replication in yeast a 
portion of pBR322 [in "Cloning Vectors". Pouwels. Enger. Valk. Eds., (1985)] which provides for replication 
and selection in E. coli and a yeast promoter-terminator module inserted between the Hindlil and BamHI 

as sites of pBR322. The"pB322 sequences between BamHI and Pvull have been deleted. 

The promoter employed in these constructs is either a 431 bp BamHI-Rsal fragment of CUP1 [Karin et 
al., PNAS USA, 81:337 (1984)], derived as a BamHI-EcoRI fragment from pYSK12 [Butt et aL. Proc. Natl. 
Acad~Sd."USA, 81:3332 (1984); Rosenberg et al.. supra: Gorman et al., Gene , 48:13 (1986)] or a 1.1 kb 
TDH3 promoter sequence [Holland and Holland, J. Biol Chem. , 255:2596 (1980)], derived as a BamHI- 

40 EcoRI fragment from plasmid pYSKl8 [Rosenberg et al., supra; Gorman et a!., supra]. The transcriptional 
terminator is a 361 bp Kpnl-Hindlil of the (CYC1 gene [Smith et al., Cell, 16:753 (1979)]. § 

A synthetic linker. with the sequence 5 GAATTCT- 

CGAGCCATGGCCAGTCGACGTAGTTAAGTAGGTACC 3! is present in the region between the promoter 
and the CYC1 termination fragment. This synthetic sequence contains the unique restriction sites Xhot . Ncol 

45 and Sail upstream of translation^ stop codons in all three reading frames. 



B. Construction of pYSK140 and pYSK142 

The site of signal cleavage of the glucoamylase gene was determined by amino terminal amino acid 
sequencing of the secreted glucoamylase of Example 7. The DNA sequence of the 5 # end of the 
glucoamylase gene coding region and the corresponding amino acid sequence, with the site of processing, 
is shown in Rg. 3. A synthetic oligonucleotide sequence corresponding to the signal sequence and flanking 
nucleotides containing restriction enzyme sites was synthesized. This sequence is shown in Fig. 4. 
Asterisks above the bases indicate charges made to introduce restriction endonuclease cleavage sites. The 
signal sequence ends after the last asterisk. This double standard fragment was inserted in the basic 
vectors described above which had been cleaved with Xhol and Ncol to give pYSK140 (CUPI promoter) and 
pYSK142 (TDH3 promoter). 
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The current synthetic glucoamylase signal sequence contains the codons for the amino adds Asn Ala 
Ala J5 at7e 3* pLde the processing site (see Fig. 3). The presence of the two amino «* Ato 
ana" P?o at Uie 3' side of the cleavage site may be essential for proper cleavage. However, mis results In 
ESJlnJm*** amino adds on the 5 end of any protein secreted by utilization of th.s signal 
s ZSZ ZtotZ are being constructed which will allow fusions directly after the Asn Ala codons^ 
tSSZ a* processing at the 5* end of fusion proteins made with these vectors are expected to be as 
useful as the present signal sequence. 

to C. Construction of pYSKlSt and pYSKl52 

A synthetic oligonucleotide corresponding to the CONA sequence of the mature human transforming 
growVK <T6F 8 -) [Derynck et al.. Cel.. 38287 0984,1 plus additional bases at the 5 and 3 end was 

,s MouerS is shown in Rg. 5. The Ncol to Sail portion of the TGF-a sequence was inserted into Ncol and 
SSZZ JSS* and PYSK142 to five pYSKISI and pYSK1S2 <™^'™VZ«* "JSS 
Provides an initiating ATG codon at the start of the glucoamyiase signal, and an m frame ATQ (Met) codon 
at the start of the TGF-a peptide. 

so 

D. Expression and secretion of TGF-a in yeast cultures 

Plesmld DNA (2-10 ug/ml) was used to transform S. cerevisiae strain F762 (Ma*, trpl 1 ura3-52> using 
standSechniques [Sherman et al.. Methods in ^uTSSSS^M Spring Harbor (1986 ]. select for 
t^^OtoPten prototrophy. Strain F762 was obtained from Phillip Hunter. Department of Molecular B.ology and 
» Sint Medical School. Baltimore. Maryland. Cultures of selected MnM were 
Sown in YNB (Dilco) containing 2% glucose and uracil (20 ug/ul). For plesm,ds uti lz.ng the CUPJ. 
S ooppe sulfate at 100 micromolar was included. Cu.tures were harvested in late log or senary 
pZ The ce?s were spun, and both the culture medium and cells retained. The cel. 
brcken with glass beads In 0.05M acetate buffer. pH 5.0. and then the suspension centnfuged at SOOOxg to 
femoTe g.a" bLs and cell debris. The soluble cel. extracts and the culture fluids were then d.alysed 
against 2% acetic acid, overnight, using tubing of 2.000 molecular weight cut-off. 

35 E. Biological assay of TGF-a 

The dialysed cell lysates and culture fluids were analysed for TGF-a activity by three methods. 



30 



40 (1) TGF-a/EGF Radioreceptor Assay 

A431A human epidermoid carcinoma cells (1x10*) were plated overnight In 24-we.l tissue » ~ltore d«shes 
in OMEM containing 10% FCS at 37* C in 10V. CO atmosphere. Cells* ^^^LT^HTaZ 
buffer (Hank's balanced salts solution. 1 mg/ml bovine serum albumen (BSA) and 10 mM Hepesj pH 1 74) at 

« 4^ "Binding buffer (100' ul) containing^ nm ,l5 l TGF-a - and' various eventrations on tatnpto^ 
Lid or eoidermal crowth factor (EGF) standard were added simultaneously and .ncubated at 4 C for 2 
VS^SSS^mt!^ with a 1000-fo.d excess of EGF. TGF-a M taMd using the 
chloraminB T^procedure. CellVwere washed with ice<old binding buffer without BSA. The cells were 
sSed forS TrnTn at 37* C whh 0.5 ml of 0.5M NaOH. Radioactivity bound was determmed using a 

to gamma counter. 



ss 



(2) Anchorage Independent growth assay 

Normal rat kidney fibroblasts (NKR-49F) Indicator cells (5000) In 0.8 ml of minimal essential medium 
(OMEM) containing 10% fetal calf serum (FCS) and 0.5% Bacto-agar (Difco) were mbcefl Iwjth aliquots of 
i^rimeS samoles which had been lyophillzed. then dissolved in buffer containing 4mM HCI and 2 
S^tSSS were added to an o7m. bottom layer of OMEM containing 10% FCS and 0.6% agar 
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fn 35 mm tissue culture dishes (Costar, Cambridge, Mass.). Plates were Incubated for 8-10 days in 10% CO 
atmosphere at 37* C. Colonies formed were stained with p*k>donitrotetra2olium violet overnight and counted 
on a Bausch and Lomb Image Analysis. System programmed to detect colonies greater than 60 urn in 
diameter. 



(3) Radioimmune assay 

Assays were performed using a commercially available TGF-o RIA kit (Biotape), according to the 
io manufacturers instructions. 



F. Activity in TGF-o produced in Yeast 

is The activity of TGF-a produced by plasmid pYSKISI and pYSKl52 In shake fiask cultures harvested 12 
hours after reaching stationary phase was determined. The maximal yield obtained in the medium was 
approximately 2 mg/liter at OOsio s 2.0. Greater than 95% of the total activity was found in the medium as 
compared to the cell extract 

20 TABLE 1 





Estimated TGF-a Activity (ug/10* 
cells) 


25 


Plasmid 


Medium 


Cell 
extract 




EGF competition binding 
assay: 






pYSK151 
PYSK152 


2.87 
2.70 


0.143 
0.135 




Soft Agar 
Assay: 






35 


PYSK151 
pYSK152 


0.718 
0.617 


0.006 
0.005 




Radioimmune 
Assay: 






40 


pYSKISI 
PYSK152 


2.31 
2.24 





G. Purification of TGF-a 

Fermentation broth was centrifuged to remove cells, then filtered. TTie pH of the filtrate was adjusted to 
pH 2.7 using glacial acetic acid, then pumped through a column of Whatman Partisil ODS-3. (column 
dimensions: 48 x 650 mm packing 40-60 urn) at a rate of 200 ml/min which had been equilibrated to 0.1% 
trifluoroacetic acid (TFA). After loading, the column was washed with 2 column volumes of 0.1% TFA. and 
5% i-propanol/0.1% TFA each. Crude TGF-a was eluted with 40% i-propanoW).1% TFA. 

The eluate (4L) was concentrated in vacuo to remove the Isopropanol, and then lyophilized. The powder 
(approximately 600 mg) was redissolved in 3 ml of 1.0 M acetic acid then centrifuged. The supernatant was 
loaded on to a Bioge! P-10 column (2.6 x 120 cm) and eluted with 1.0 M acetic acid at 400 ul/min. 
Fractions were analyzed by SDS-PAGE electrophoresis. Those fractions containing TGF-a were pooled 
together and lyophilized. 

The powder (14 mg) was loaded onto a Vydac Cu column (10 mm x 250 mm) using a gradient 16% 
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aeetonitrfle/0.05% TFA to 26% acetonitrfle/0.05% TFA in SO minutes. Fractions were collected and analyzed 
SSlSi, was approximately 30% of total activity. Three pools containing protein were made and 
were submitted for EGF/TGF radioreceptor assay, amino add composition, and sequencing. 

Al Le proteins were found to be biologically active, and varied in chain ^ngth atme 
sequences were that of TGF-o (50%). Met-TGF-a (18%). and Gly-Ala-Met-TGI- W^P"JJ« 
SnTSd composition and receptor binding assay showed that each had a specific acfvtty of 1.0 EGF 
equivalents. 



EXAMPLE 12 - EXPRESSION AND SECRETION OF tU-fi AND IL1-a 

Human IU-/5 Is expressed In a variety of cell types as a large (31 Kd) precursor polyp*** < ***** 
proce^and secreteTas a mature, unglycosylated. bioactive 17 Kd carboxyl-terminal fragment Although 
ill- t s normally secreted, It lacks a signal sequence. 

WfTTST^ of Example 11. the signal sequence derived from the cloned fl^*" 
oene of C. albicans in combination with either the Inducible CUP1 or constitute TDH3 promoter in 
olasmids pV§Rv50«id pYSK142. was used to direct the synthesis and secretion of human recombinant 
EukiM V n S cerevisiae. cDNA coding for the authentic mature form of R>* (carried on a Banl 
iTg'met i h wff SsfiBBd with Kenow polymerase, was fused as described in 
glucoamylase signal sequence at the unique Smal site (see Fig. 4) of the P YSK140 and pYSK142. and 

^ES^ucTSects the efficient season of b.o.ogica.ly active HI*. Greater *an 95% of m lutein 
expressed is extracellular, resulting in accumulated levels of more than 2 mg* as determined by Was n 
Sng. .ntegration of-e single copy of a TDH3 glucoamylase signal ^« ^J^/^J^ 
the oenome at the URA3 locus on chromosome V of S. cerevisiae resulted m a strain (GL46. MAT* teuZ 
S-U2 ade2 1 WS3-1 1.3-15 canl-100 ura3 ILi-iJ whicTTIecretes approximately 6 mg/l of product 
when grown to stationary phase in shake flasks under nonselective conditions (rich media). The amount of 
etacE product obtained can be increased by constructing strains containing multiple integrations 
and/or by growing cells in fed-batch culture. ... . . 

The secreted form of IL1 -ff in yeast consists of approximately equimolar amounts of two protein species 
(17 Kd and 22 Kd). Pulse«hase experiments performed in the presence or absence of turocamycm 
Lwed by immunonoprecipitation. reveal that the 22 Kd species is a ^^ ^^^ 0 . * 
potential N-linked glycosylate site resides near the aminc-terminus. The reason for the appearance ofa 
S of two m**r forms (glycosylated and unglycosylated) is unclear. Kinetic ^ta md.^ that the 
newly secreted product consists primarily of the 22 Kd glycosylated species which may me b converted 
via either proteolytic cleavage or by an endoglycosidase. to the 17 Kd form D.rect fusion of «he IL1B 
sequence to the CUP1 inducible promoter without a signal sequence results m expression of the 17 Kd 
SacelMar form, plus a single 17 Kd extracellular species which accumulates in the med.um of low phase 

""purified extracellular ILL* is presently being sequenced to determine the primary signal peptide 
cleavage site as well as any secondary sites that may be recognized in yeast. 

Using simUar methods to those outlined in Example 11. the signal sequence derived ^^ ttone* 
glucoamylase gene of C. albicans , was used to direct the syn»es.s and secretion of human recombmant 
lnterleukin-1 a In S. cerevisiae. 

EXAMPLE 13 - EXPRESSION AND SECRETION OF B. PERTUSSIS TOXIN S1 SUBUNIT 

Pertussis toxin, a promising protective antiger; for potential use as a vaccine against whooping cough. Is 
a hextmeric protein composed of five different subunits. One of the subunlts (Si) expresses an enzymatic 
art v.TS s responsMe for the toxicity of the protein. Howler S1 without the other subumts ,s devoid 
XS s The expression of the Si gene and the secretion of the ^recombinant produd should 
Jlitote pVoduction and purification of this subunlt. without contamination from the other pertussis toxin 

'""ThJ'cistron of the SI subunlt of pertussis toxin was expressed In S. cerevisiae either « a fusion 
prole™ with secreted glucoamylase or as a non fused but processed protein using the glucoamylase signal 

peptide. 
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A. Plasmid constructs and S. cerevisiae clones 

A DNA fragment starting at the second amino acid following signal peptide cleavage site of St and 
extending to the natural TAG translational stop codon encoding an almost complete mature S1 protein was 

s fused, in frame, to the signal peptide coding sequence of the Candida albicans gtucoamylase gene. The 
fused coding sequences are preceded by the S non coding sequences of the gtucoamylase gene including 
the promoter and transcription initiation sites of the STA gene (see Rg. 1). The expression cassette was 
transferred to an E. coJi/S. cerevisiae shuttle vector containing the elements of the vector of Rg. 2 minus 
the env expressk>n~cassette. yielding plasmid pRiT13072. Plasmid pRITl3072 contains all the components 

io of thevector of Rg. 2. except that the Si expression cassette replaces the env expression cassette, and the 
ligation site on the right side of the cassette is an Xbal/Sal site, instead of an Espl/Sall site. pRIT13072 was 
transformed into a S. cerevisiae strain (genotype: Mate Jeu2 ura3 adel glnl). A transformed yeast clone, 
745; f (pRtT 13072], was selected for further work. 

A Sau3a DNA restriction fragment encoding 186 amino acids of the S1 protein (amino acids 2 to 187 of 

15 the mMureprotein) was inserted into the coding sequence of the STA gene (see. Rg. 1). The insert was 
introduced at an engineered BamHI restriction site located near the carboxy terminal end of the 
glucoamylase protein. The resulting hybrid gene should express a fusion gtucoamylase- S1 protein. T>ie 
entire expression cassette is carried on an E. coil/S. cerevisiae shuttle plasmid vector similar to the one 
described above The resulting plasmid. pRlTl3073. was introduced into a S. cerevisiae strain (genotype: 

20 Mate Ieu2 ura3 adel glnl J and a transformed clone. 745.1 [pRITi3073]. was selected and used for 
subsequent analyses. 



6. Expression 

The S1 subunit synthesized in clone 745.1 [pRlTl3072] was readily detectable In Western blots of 
whole cell extracts using anti-pertussis toxin monoclonal antibody B2F8. The electrophoretic mobility of the 
recombinant protein in SDS-PAGE appeared to be similar to the mobility of the S1 subunit purified from 
Bordetella pertussis holotoxin, indicating that the glucoamylase signal peptide is removed and the Si 
subunit processed in the yeast cell. Signal peptide cleavage usually occurs during or after translocation of 
the synthesized protein through the endoplasmic reticulum membrane. The processed S1 subunit should 
therefore be associated with the crude membrane fraction of yeast cell extracts and/or secreted into the 
culture medium. Yeast cell extracts were fractionated by differential centrifugation and the different fractions 
analyzed for the presence of S1. The S1 subunit was associated exclusively with the insoluble material after 
a 30000 xg centrifugation of the extracts. The pelleted fractions could be solubilized with 1% SOS or 4M 
urea A number of other detergents [sodiumdeoxycholate (DOC, Sigma). Triton X100. 3-1(3- 
choiamidopropytHtfmethyl ammonioH -propane sulfonate (CHAPS, Sigma) and zwitergen) were tested In an 
attempt to extract the Si protein from yeast membrane. None had any significant effect on S1 solubilization. 

Negative control and S1 containing cell extracts, before and after fractionation, were analysed for the 
presence of NAD glycohydrolase activities. None of the fractions contained significant enzymatic activities, 
but all of them strongly inhibited the NAD glycohydrolase activity of S1. No S1 protein could be detected 
by Western blot or by enzymatic activity analysis, in the culture medium. 

Clone 745.1. [pRITl3073 was analyzed for the pcesence.of a glucoamylase?Sl fusion protein (i.e., Si- 
GA protein). Glucoamylase enzymatic activity was tested by measuring the amount of glucose liberated 
from the substrate maftotriose at 37* C, In a reaction buffer containing limit NaPOi. 1% maltotriose, pH 6.5. 
S1 (NACKglycohydroiase) activity was measured by the amount (pmoles) nicotinamide released per minute 
per ml of medium. The parent vector containing no expression cassette showed no detectable 
glucoamylase or S1 activity in culture medium or extracts. The parent vector containing just a glucoamylase 
expression cassette (i.e. the STA gene) showed glucoamylase activity in both culture medium and cell 
extracts, but no Si activity. InTontrast the yeast strain carrying pRITl3073. the vector containing the 
glucoamylase SI fusion expression cassette showed glucoamylase activity In both medium and extract and 
S1 activity in medium. Thus. S. cerevisiae cells transformed with plasmid pRITl3073 synthesize and 
secrete Into the culture supernatant proteins that express glucoamylase and S1-specific NAD- 
glycohydrolase activities. This result suggests that the enzymatically active portion of Si was successfully 
55 fused to glucoamylase. synthesized in yeast and secreted Into the culture supernatant 

These results show that the Si subunit of B. pertussis toxin can be synthesized In yeast under the 
control of the glucoamylase or STA gene promoter, secreted into the yeast membranes via the 
glucoamylase signal peptide or exported into the culture medium as a fusion protein with glucoamylase. In 
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the latter case (i.e. the fusion grucoamylase-SI protein) the Si subunlt is enzymatically active. 

C. Immunoprotective activity 

Two mice were each Injected with 35 ug S1-GA(pRrT13073) (the Sl-glucoamylase fusion protein 
nrJ^d M part B from the transformation of S. cerevisiae with P RIT13073) or glucoamylase 
^^Xo^Jce in IFA at day, 30 and 58."Tr»el3Aend 81^^13073, fution protein 
1,2 were boft sintheslwd in S. cerevisiae and partially purified from the culture supernatant In a non- 

did not DgnHlcMly to.a.e M M mic. ^ * J^-SSfS, "3) to tl- 

™ul ^t!i^ «S?N transferred to an appropriate vector, the resulting vector could be 

against pertussis. 

EXAMPLE 14-PARENTERAL VACCINE PREPARATION 

5-25 uo of S1-QA(PRIT13073). prepared according to the method of Example 13, is mixed with an 

raration into a parenteral administration dosage form. _u^ ima „ T * 
^ Se Se above descriptions and examples fully describe ^Tr^^^l 
thereof it is understood that the invention is not limited to the particular disclosed * m *«llments. 

4 invention is not limited to the genes and promoters of Candida given ,n fte ^**<*«»- 
Rafter Jslnvention provides a general method for location Candida gene expression ^>V™*£- 
%^!^m*«**ri genes as well as a genera, method tor expressing such functional DNA 

n ^*£fig%5& flenes expressed under control of the £ albican, g.ucoamylase signal 
sequence ana^ye ^ ^ promoters are not limited to the exemplary proteins described here.n. One of staH in 
fhTart ^Uc JowieJge the use of the described expression system for ex P ress,ng and secreting a variety 

°' X^^IZ?* embodiments coming within the scope of the folding Cairns. 
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1 A transformed host microorganism of the genus Saccharomyces which comprises a functional ONA 
sequen^n^rSe same or substantia^ the same coding sequence as the signal sequence of the 

-^tSniJnfd Claim 1 wherein the functional DNA sequence comprises the same or 
^^XoZ:ZTL^ DNA sequence comprise, said sign* sequence 

Vn T^SSS^>^ 1 which comprises a functional DNA sequence the same or substantially 
it* ««m B «s the Dromoter sequence of the C. albicans glucoamylase gene. 

5 ^mTcrS^nism of Ciaim 4 vmerelrTtne functional DNA sequence comprises the same or 

substantially the same DNA sequence at that of Fig. 1. « r i«- t .«nn with • 

T The microorganism of Claim 1 wherein said signal sequence Is fused In proper orlentat.on with a 
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selected heterotbgous gene. • 

7. The microorganism of Claim 6 wherein said heterologous gene is selected from the group consisting 
of TGF-a, lnterleukin-1/S. InterleukirHa, S1-GA protein, an HIV-I protein or fragments thereof. 

8 The microorganism of Claim 1 which belongs to the species Saccharomyces cerevisiae. 

9 The microorganism of Claim 1 which comprises a recombinant piasmid. wherein sajd plasmid 
comprises a replicator region and a functional ONA sequence derived from the same or substantially the 
same sequence as the signal sequence of the C. albicans glucoamylase gene. 

10 A recombinant DMA plasmid comprising a functional DNA sequence containing a coding sequence 
the same or substantially the same as the signal sequence of the C. albicans glucoamylase gene. 

11. The plasmid of Claim 10 wherein the functional DNA sequence comprises the same or substantially 
the same DNA sequence as that of Ftg. 3, 

12. The plasmid of Claim 10 wherein the functional DNA sequence comprises said signal sequence 
preeeded*by a-yeast promoter. 

13. The plasmid of Claim 10 which comprises a functional DNA sequence the same or substantially the 
same as the promoter sequence of the C albicans glucoamylase gene. 

14. The ptasmid of Claim 13 wherein" the functional DNA sequence comprises the same or substantially 
the same DNA sequence as that of Fig. 1. i_»~4 

15. The piasmid of Claim 10 wherein said signal sequence is fused in proper orientation with a selected 

heterologous gene. . , 

16. The plasmid of Claim 15 wherein said heterologous gene is selected from the group consisting of 
TGF-a. lnterleukin-1*. interieukin-1o t S1-GA protein, an HIV-I protein or fragments thereof. 

17 A method of expressing a functional DNA sequence comprising a sequence the same or 
substantially the same as the signal or promoter sequence of the C. albicans glucoamylase gene which 
comprises transforming a host microorganism of the genus Saccharomyces with the functional DNA 
sequence, and cuituring the transformed host under suitable conditions such that the functional DNA 

sequence is expressed. , J , 

18. The method of Claim 17 wherein said signal sequence is fused, in phase, and in proper orientation, 

with a selected heterologous gene. 

19. The method of Claim 18 wherein said heterologous gene is selected from the group consisting of 
TGF-a lnterleuWn-10, lnterieukin-1o. S1-GA protein, an HIV-I protein or fragments thereof. 

20* The method according to Claim 17 wherein the host microorganism belongs to the species 
Saccharomyces cerevisiae . t 

21. A promoter sequence for use in yeast expression vectors comprising the same or substantially the 

same sequence as that of Fig. 1 . 

22. A signal sequence for use in yeast expression vectors enabling the secretion of heterologous genes 
fused thereto comprising the same or substantially the same sequence of Fig. 3. 

23 An HIV-I glycoprotein gpl60 produced in unprocessed form by cuituring a transformed Sac- 
charomyces host cell wherein said host cell comprises a gpl60 gene sequence fused in phase and in 
proper orien tation to a yeast promoter and the signal sequence of the Candida albicans glucoamylase gene. 

24. The glycoprotein of claim 23 produced in micellar form. 

25 TGF-a produced by cuituring a transformed Saccharomyces host cell wherein said host cell 
comprises a TGF-a gene sequence fused in phase and in proper orientation to a yeast promoter and the 
signal sequence of the Candida albicans glucoamylase gene. 

* 26 Vf ^protein produced by cuituring a transformed Saccharomyces host cell wherein said host cell 
comprises a S1-GA protein coding sequence fused in phase and in proper orientation (a) to a yeast 
promoter and (b) within the Candida albicans glucoamylase gene provided that such fusion includes the 
signal sequence of the Candida albicans glucoamylase gene. 

27. The protein of Claim 26 which is S1-GA(pRIT13073). 

28 S1-GA protein produced by cuituring a transformed Saccharomyces host ceil wherein said host cell 
comprises a S1-GA protein coding sequence fused in phase and in proper orientation to a yeast promoter 
and the signal sequence of the Candida albicans glucoamylase gene. 

29 IL1-0 produced by cuituring a transformed Saccharomyces host cell wherein said host cell 
comprises a IL1-* gene sequence fused in phase and In proper orientation to a yeast promoter and the 
signal sequence of the Candida albicans glucoamylase gene. 

30 ILl-a produced by cuituring a transformed Saccharomyces host cell wherein said host ceil 
comprises a IL1-* gene sequence fused in phase and in proper orientation to a yeast promoter and the 
signal sequence of the Candida albicans glucoamylase gene. 

31. A vaccine for stimulating protection against whooping cough wherein such vaccine comprises an 
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immunoprotectiva and non-toxic quantity of S1-GA protein. 

32 The vaccine of Claim 31 which comprises S1-GA(pRIT13073) protein. 

33! A method for Innoculating a human against subsequent whooping cough which comprint admin- 
Istering the vaccine of Claim 31 to such human. 
34.S1-GA protein. 

35. S1-GA protein coding sequence. 

36. A recombinant DNA molecule comprising the Sl-GA coding sequence of Claim 35. 

37. A recombinant DNA vector comprising the S1-QA coding sequence of Claim 35. 

38. A synthetic DNA molecule comprising the S1-GA coding sequence of Claim 35. 

39. A host cell transformed with the S1-GA coding sequence containing vector of Claim 37. 
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FIG. 1 

Taql 

CGAGGATTATTGTTATTGTTGTTCGTACGGAGATTTCTCCCTAAXTTACACAAAGTACA 
TCCTAATAACAATAACAACAAGCATGCCTCTAAAGAGGGATTTAATGTGTTTCATGT 

ATAA1TCCCCTTTCTTGTTACAAATTAGTGTACGTATGTAGCACCTGATTAGTTTATTTA 
TATTAAGGGGAAAGAACAATGTTTAATCACATGCATACATCGTGGACTAATCAAATAAAT 

TTTATTCATAGTCAGGCCAGAAAGTAATTACCAAGTTTAGTATTTCCGACCGCCCCCCAA 
AAATAAGTATCAGTCCGGTCTTTCATTAATGGTTCAAATCATAAAGGCTGGCGGGGGGTT- 

ACAGGAACTTATTCCGAGCAAAAGTAGTTTATCTCCTGTACGAAAAGAAGATGTAATTAT 
TGTCCTTGAATAAGGCTCGTTTTCATCAAATAGAGGACATGCTTTTCTTCTACATTAATA 

TG CTACTAAAAAACAG AC AATATAAAAG CCCCCG AAAAAGTAATTGCAAAATTCGTTTGT 
ACGATGATTTTTTGTCTGTTATATTTTCGGGGGCTTTTTCATTAACGTTTTAAGCAAACA 

TAAGAATTTTCAAACCAAGACAAACCAAACCAAACCAAACCAAACCAAGAAAATATGAAA 
ATTCTTAAAAGTTTGGTTCTGTTTGGTTTGGTTTGGTTTGGTTTGGTTCTTTTATACTTT 

MetLys 

Fnu4Hl 

TTATTATCAAAATTCATTGTTACTGCTTTGGGTCTTACTTCAATTGTCAATGC 

AATAATAGTTTTAAGTAACAATGACGAAACCCAGAATGAAGTTAACAGTTACGG 

LeuLeuSerLysPhelleValThrAlaLeuGlyLeuThrSerlleValAsnAla 



FIG. 3 

AAACCAAGAAAATATGAAATTATTATCAAAATTCATTGTTACTGCTTTGGGTCTTACTTCA 
HETLysLeul^uSerEysPhellcValThrAlaLeuGIyLeuThrSter 

ATTGTCAATGCCGCTCCAACAAGTAGTAGTAGT 
IleValAsnAlaAlaProThrSerSerSerSer 

processing site 



EP 0 362 179 A2 



Pet! 




SP cleavage aite 



FIG. 2 



EP 0 362 179 A2 



FIG. 4 

Hpal 

XhoX * * 

TCGAGAATGAAATTATTATCAAAATTCATTGTTACTCCTTTGGGTCTTACTTCAATTGTTAAC 

CTTACTTTAATAATAGTTTTAAGTAACAATGACGAAACCCAGAATGAAGTTAACAATTG 

HETLysLeuLeuSerLysPheIleValThrAlaLeuGlyL«uThrS«rIleValAsft . 



Smal Ncol 

GCCGCTCCCGGGGC 

CGGCGAGGGCCCCGGTAC 

AlaAlaProGlyAlaMet 



FIG. 5 



Hind III Ncol D*«I 
. 

AAGCTTTTCCATGGTGGTGTCCCATTTTAATGACTGCCCAGATTCCCACACTCAGTTCTGC 
TTCGAAAAGGTACCACCACAGGGTAAAATTACTGACGGOTCTAAGGGTGTGAGTCAAGACG 
SerPheSerMetValValSerHisPheAsnAspCysProAspSarHisThrGlnPheCys 



PstI SphI 
C .T 
TTTCATGGAACCTGCAGGTTTTTGGTGCAGGAGGACAAGCCAGCATGCGTCTGCCATTCT 
AAAGTACCTTGGACGTCCAAAAACCACGTCCTCCTGTTCGGTCGTACGCAGACGGTAAGA 
PheHisGlyThrCysArgPheLeuValGlnGluAspLysProAlaCysValCysHisSer 



Sail 
AccI 

Drain Hindi 
G C 

GGGTACGTTGGTGCACG CTGTG AACATG CGG ATCTCCTGGCTTAAGTCGAC 
CCCATGCAACCACGTGCCACACTTGTACGCCTAGAGGACCGAATTCAGCTG 
GlyTyrValGlyAlaArgCysGluHisAlaAspLeuLeuAlaZndValAsp 



